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CHANGES IN PRACTICE
1. Aspirin prophylaxis
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KEY MESSAGES
1. Pregnancy care requires maternal medical assessment
2. Team planning enhances care and reduces risks for patients

and caregivers
3. Increased awareness is needed for weight bias in obstetrics
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Obesity in Pregnancy
u 30% of Canadians reported a BMI ≥30 in 2015

u This was 17% in 2007-2008

u Not all obese patients are “unhealthy”
u There are significant genetic and 

socioeconomic determinants of obesity
u Working to reduce stigma and promote 

inclusivity is very important  

without obesity (SCALE) have examined its use as an
adjunctive therapy. Two of these trials showed that patients
without type 2 diabetes lost 8.0% of their initial body
weight41 and those with type 2 diabetes lost 6.0%.42

Weight loss surgery is an option for patients with a BMI
≥40 kg/m2 or a BMI ≥35 kg/m2 with comorbidities and
who have not been successful with other weight manage-
ment options.34 It has the best long-term result regarding
quantity of weight lost,43 and as of 2014, sleeve gastrec-
tomy (SG) is the most common bariatric procedure per-
formed worldwide (45.9%), followed by Roux-en-Y gastric
bypass (39.6%), adjustable gastric banding (7.4%), and bil-
iopancreatic diversion (1.1%)44 (Table 5).43,45−60 In gen-
eral, weight loss surgery decreases the risk of women with
obesity developing hypertensive disorders in pregnancy by
as much as 75%,45,61−64 with a meta-analysis published in
2014 demonstrating that bariatric surgery could reduce the
risk of preeclampsia in itself by 50% (odds ratio [OR] 0.45;
95% confidence interval [CI] 0.25−0.80).64 Furthermore,
malabsorptive weight loss surgery has also been associated

Table 3. Neonatal risks associated with maternal obesity

Odds ratio/adjusted odds ratio (95% confidence interval)

Overweight
BMI 25−29.9kg/m2

Obese
BMI 30−40 kg/m2

Obese
BMI ≥40 kg/m2

Stillbirth 1.40−3.105,7,9,17 2.799

Shoulder dystocia 2.14−3.607,9,14 3.149

Meconium aspiration 1.64−2.879 2.859

Fetal distress 1.61−2.139 2.529

Mortality 1.2515 1.37−2.709,15−17 2.44−3.419,15

Large for gestational age/macrosomia 1.575

1.696
2.365

2.976

2.307

2.159

3.039

2.1014

2.10−3.035−7,9,14

3.559

Major congenital anomalies/birth defect 1.0518 1.12−1.584,19 1.37−3.414,19

Neural tube defects 1.2011

Spinal bifida 1.80−2.607,11

Congenital cardiac anomalies 1.05−1.1711,19 1.15−1.307,11,19,20 1.4418

Nervous system defects 1.1518 1.44−1.6519 1.8818

Omphalocele 3.307

Anencephaly 1.3911

Cleft palate 1.2011

Late term birth (>41 weeks) 1.4011

Preterm birth 1.507 2.134

NICU admission 1.20−1.508,14 2.774

Hypoglycemia 2.574 7.144

Jaundice 2.134

Low Apgar scores 1.165 1.455

Gastric tube 1.5014

Neonatal trauma 1.5014

BMI: body mass index; NICU: neonatal intensive care unit.

Table 4. World Health Organization classification of body
mass index (BMI)19

BMI kg/m2 Classification

<18.5 Underweight

18.5−24.99 Normal weight

25.00−29.99 Overweight

≥30.00 Obese

30.00−34.99 Obese class I

35.00−39.99 Obese class II

≥40.00 Obese class III
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Increased rates of CS

u Controlled for IOL 
u More CS in both:

u 1st stage labour

u 2nd stage labour

Poor uterine contractility in obese women
J Zhang,a L Bricker,b S Wray,a S Quenbyc
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Objective The aim of the study was to elucidate the reason for the
high rate of caesarean section in obese women. We examined the
following hypotheses: (1) obese women have a high incidence of
complications related to poor uterine contractility—caesarean
section for dysfunctional labour and postpartum haemorrhage.
2) The myometrium from obese women has less ability to
contract in vitro.

Design First, a clinical retrospective analysis of data from 3913
completed singleton pregnancies was performed. Secondly, in
a prospective study the force, frequency and intracellular [Ca2+]
flux of spontaneously contracting myometrium were related
to the maternal body mass index.

Setting Liverpool Women’s Hospital and University of Liverpool.

Population The clinical study involved all women who delivered
in one hospital in 2002. The in vitro study myometrial biopsies

were obtained from 73 women who had elective caesarean section
at term.

Results Maternal obesity carried significant risk of caesarean
section in labour that was highest for delay in the first stage of
labour (OR 3.54). The increased risk of caesarean section in obese
women largely occurred in women with normal- and not with
high-birthweight infants. Obese women delivering vaginally had
increased risk of prolonged first stage of labour and excessive
blood loss. Myometrium from obese women contracted with less
force and frequency and had less [Ca2+] flux than that from
normal-weight women.

Conclusions We suggest that these findings indicate that obesity
may impair the ability of the uterus to contract in labour.

Keywords Caesarean section, myometrial contractility, obesity.

Please cite this paper as: Zhang J, Bricker L, Wray S, Quenby S. Poor uterine contractility in obese women. BJOG 2007;114:343–348.

Introduction

Obesity is a serious public health problem, and its prevalence
is increasing globally in all age groups.1 The UK Obesity
Statistics (2003) state that 32% of women in the UK are
overweight and an additional 21% of women are obese.
Several published studies have reported an excess risk of
caesarean section in obese women.2–6 Despite this significant
clinical problem, none of the previous studies have explored
the underlying mechanisms and pathogenesis for the associ-
ation between obesity and raised caesarean section rate.2–6

Most clinicians suspect that the rise in caesarean section rate
associated with obesity is due to obstructed labour caused by
increased deposition of soft tissues in the maternal pelvis and
larger babies.

Body mass index (BMI) and hypercholesterolaemia are well
known to be positively associated.7 Cholesterol, an essential
component in cell membranes, has recently also been found
to have an important role in controlling smooth muscle con-
tractility.8–10 Several components of cellular signalling systems

important for smooth muscle signal transduction have been
found to localise in cholesterol-rich regions of the cell mem-
brane, known as lipid rafts and caveolae.11–13 In particular,
oestrogen and oxytocin receptors on the myometrial mem-
brane are localised to caveolae, and their efficacy is modulated
by cholesterol content.14,15 Cholesterol levels are raised in
obese pregnant women’s serum16 and myometrial mem-
branes.17 Such alterations of cholesterol may be anticipated
to affect contractility in human myometrium, although no
studies have investigated this. Therefore, to elucidate the
pathophysiology of obesity and increased risk of caesarean
section, we tested the hypotheses that the high incidence of
caesarean section in obese women is due to dysfunctional
labour because of poor myometrial contractility rather than
due to obstructed labour.

Methods

This study was designed as a retrospective study and was
conducted using the obstetric records including 3913 women
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overweight and obese women were more likely to be induced
(Table 2). Therefore, we analysed induced labours separately.
Obese women, even after induction of labour, were still more
likely to have a caesarean section for delay in the first stage
compared with normal-weight women (Table 2). For both
spontaneous and induced labours, the risk of caesarean sec-
tion in the first stage of labour for obese women was greater
than in second stage (Table 2).

We found that birthweight was positively associated with
increased maternal BMI (Table 2). Adjusted odds ratios were
calculated to account for confounding factors (Table 3). Even
after controlling for maternal age, parity and smoking, there
was still an increased rate of caesarean section in obese
women. When the odds ratio was adjusted for high infant
birthweight, the risk of caesarean section was less for obese
women compared with normal-weight women (Table 3). In
addition, controlling for normal birthweight again found
a significantly increased risk of caesarean section in obese
women. These findings suggested that the significantly
increased caesarean section risk in obese women largely
occurred in women with normal-birthweight infants and
not in those with high-birthweight infants (Table 3).

Obesewomen in spontaneous labour, deliveringvaginally, had
an increased incidence of excessive blood loss (>600 ml)18,19

(Table 4). When we analysed the prolongation of first stage
of labour in all women delivering vaginally, there was no
significant difference in the duration of labour among these
groups (data not shown). However, there was an increased
risk of prolonged first stage associated with increasing BMI in
primigravid woman in spontaneous labour who delivered
vaginally (Table 4).

Spontaneous contractions in the myometrial strip obtained
from women having elective caesarean section at term show
a marked decline in myometrial activity with increasing
patient weight (Figure 2). Typical examples of traces obtained
from myometrial strips are shown in Figure 2, where there is
a clear decrease in the frequency and amplitude of both force
and simultaneously measured calcium transients with
increasing maternal weight. Analyses of data from all myo-
metrial samples found a significant reduction in amplitude of
contractions between normal and overweight (P = 0.046) and
normal-weight and obese women (P = 0.049) and in frequency
of contractions between normal and overweight (P = 0.0006)
and normal-weight and obese women (P = 0.0006) (Figure 2).

Discussion

Our data showed that there was a progressive increase in the
rate of caesarean section for delay in the first stage with in-
creasing the BMI (Figure 1B), confirming previous studies.2–6

We next asked what was the reason for the emergency
caesarean section? We found an increased risk for caesarean
section in overweight and in obese women for delay in labour
even when labour was induced (Figure 1, Table 2). The great-
est risk of caesarean section in obese women was for delay in
the first stage of labour, which is likely to be largely contrib-
uted to poor uterine contractility. In contrast, the relative risk
of obese women having caesarean section for delay in the
second stage of labour was less when there had been sufficient
uterine activity to fully dilate the cervix but inadequate
descent and or rotation of the fetal head; thus, these second-
stage caesarean sections are more likely to be due to relative
cephalopelvic disproportion. These data suggest that poor
contractility may be part of the underlying cause for the raised
risk of emergency caesarean section in obese women. How-
ever, it is reasonable to question if there are confounding

Table 1. Demographic characteristic of women with different BMI expressed as frequency (%)

Total (%) Age (mean 6 SD) Parity 0 (%) Gestation (mean 6 SD) Smoking (%)

Underweight 362 (9) 26.1 ! 5.8 54 292.4 ! 2.3 42.8

Normal 1879 (48) 28.9 ! 8.3 50 291.7 ! 16.2 28

Overweight 1106 (28) 29.5 ! 5.8 46 292.4 ! 2.0 26.3

Obese 566 (15) 29.3 ! 5.8 43 292.8 ! 2.5 29.9
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Figure 1. The impact of BMI on the proportion of emergency caesarean
sections. (A) Proportion of caesarean section. (B) Caesarean section for
delay in the first stage of labour. Underweight (under), BMI <19.9 kg/m2;
normal (norm), BMI 20–24.9 kg/m2; overweight (over), BMI 25–29.9
kg/m2; obese, BMI >30 kg/m2. Asterisks indicate statistically significant
difference from normal-weight group.
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Decision to delivery time at CS

u Decision-to-delivery interval increased by an average of 4.5 minutes for 
patients with obesity vs normal weight controls 

u Mainly associated with transportation and anesthesia

u BMI ≥45 required ~20 minutes of additional OR time compared with 
normal BMI 

u Each 1 kg/m2 increase in BMI increased surgical time by ~0.3 minutes 

 1Dennis AT, et al. BMJ Open 2017;7:e015630. doi:10.1136/bmjopen-2016-015630

Open Access 

ABSTRACT
Objectives To investigate associations between maternal 
body mass index (BMI) at delivery (using pregnancy-
speci!c BMI cut-off values 5 kg/m2 higher in each of the 
WHO groups) and clinical, theatre utilisation and health 
economic outcomes for women undergoing caesarean 
section (CS).
Design A prospective multicentre observational study.
Setting Seven secondary or tertiary referral obstetric 
hospitals.
Participants One thousand and four hundred and !fty-
seven women undergoing all categories of CS.
Data collection Height and weight were recorded at 
the initial antenatal visit and at delivery. We analysed 
the associations between delivery BMI (continuous and 
pregnancy-speci!c cut-off values) and total theatre time, 
surgical time, anaesthesia time, maternal and neonatal 
adverse outcomes, total hospital admission and theatre 
costs.
Results Mean participant characteristics were: age 32 years, 
gestation at delivery 38.4 weeks and delivery BMI 32.2 kg/
m2. Fifty-!ve per cent of participants were overweight, obese 
or super-obese using delivery pregnancy-speci!c BMI cut-off 
values. As BMI increased, total theatre time, surgical time and 
anaesthesia time increased. Super-obese participants had 
approximately 27% (17 min, p<0.001) longer total theatre 
time, 20% (9 min, p<0.001), longer surgical time and 40% 
(11 min, p<0.001) longer anaesthesia time when compared 
with normal BMI participants. Increased BMI at delivery was 
associated with increased risk of maternal intensive care unit 
admission (relative risk 1.07, p=0.045), but no increased risk 
of neonatal admission to higher acuity care. Total hospital 
admission costs were 15% higher in super-obese women 
compared with normal BMI women and theatre costs were 
27% higher in super-obese women.
Conclusions Increased maternal BMI was associated 
with increased total theatre time, surgical and anaesthesia 
time, increased total hospital admission costs and theatre 
costs. Clinicians and health administrators should consider 
these clinical risks, time implications and !nancial costs 
when managing pregnant women.

INTRODUCTION
Obesity in women of childbearing age, in 
high-income counties, is a major global 
health issue. WHO uses the body mass index 
(BMI) to define categories of size in adults: 
underweight, normal, overweight, obese 
(subdivided in to class I, II) and super-
obese (class III). BMI is defined a person’s 
weight in kilograms divided by the square 
of their height in metres (kg/m2). WHO 
uses a BMI of ≥25.0–29.9 kg/m2 to define 
overweight, a BMI value of 30.0–39.9 kg/m2 
to define obesity (class I and II) and a BMI 
value of ≥40.0 kg/m2 to define super-obe-
sity (class III).1 Using these BMI categories, 
the obesity rate in women of childbearing 
age has increased in high-income countries 
from 16% in 1993 to 24% in 2007.2

In pregnancy, an increased BMI is asso-
ciated with adverse pregnancy outcomes 
including venous thromboembolism, 
pre-eclampsia, postpartum haemorrhage 
and maternal death.2–6 During pregnancy, 
both prepregnancy BMI and BMI changes 
that occur as the result of gestational weight 
gain contribute to the BMI at delivery. 

Associations between maternal size and 
health outcomes for women undergoing 
caesarean section: a multicentre 
prospective observational study (The 
MUM SIZE Study)

Alicia Therese Dennis,1,2 Karen Elaine Lamb,3,4 David Story,5 Michelle Tew,6 
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Strengths and limitations of this study

 ► Large multicentre prospective study.
 ► Broad representation of hospitals: two tertiary 
maternity, two urban general, three regional/rural.

 ► First prospective study examining associations 
between body mass index and clinical, time and 
economic outcomes.

 ► All women undergoing caesarean section included.
 ► We were not able to determine the cause of the 
increased time.

 on January 22, 2021 by guest. Protected by copyright.
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General anesthesia?

u Difficult airway
u Airway edema

u Aspiration risk
u Heavier chest wall

u Ventilatory pressure
u Faster desaturation

6
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Spinal or epidural?
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The Operating Room

u Most standard OR tables have 500lb limits

u May require 2 tables or extenders

u Use a HoverMatt

u Arterial lines

u Extra large BP cuff

u Additional surgeons/assistants

8

Different incision?

the correctly selected patient, this technique can offer
straightforward access to the lower uterine segment without
other significant difference in technique from a Caesarean
birth performed via lower abdominal transverse incision.51

Exposure
Obtaining adequate surgical exposure can be challenging in
patients with obesity, particularly when a lower abdominal
transverse incision is pursued in the presence of a large pan-
niculus. Many surgeons choose to tape the panniculus in a
cephalad direction.52 Self-retaining retractors, such as the
Traxi Panniculus Retractor (Clinical Innovations, South Mur-
ray UT), the Mobius Retractor (Cooper Surgical, Trumbull,
CT), or the Alexis O C-Section Protector/Retractor (Applied
Medical, Rancho Santa Margarita, CA) may be used to obtain
adequate exposure without additional assistants.47 Given
potential costs involved with these retractors, other options
include using adhesive skin tape on either side of the mater-
nal pannus and suspending upwards over the top of the
operating table to achieve similar exposure if an infraumbili-
cal skin approach is used. Some departments stock longer
instruments to facilitate access to the pelvis.53

Closure and wound care
When the subcutaneous adipose layer is greater than 2 cm
in thickness, reapproximation has been shown to signifi-
cantly reduce wound disruption and seroma formation.54

In some patients with increased subcutaneous thickness,
multiple layers of sutures may be required. Subcutaneous
drains, whether used alone or in combination with subcu-
taneous suturing, do not appear to confer benefit.55

Data from randomized controlled trials in general obstetric
populations suggest that closure with subcuticular sutures
reduces wound separation without significant differences
in pain, patient satisfaction, or cosmesis.56 However, a ran-
domized controlled trial of women with BMI ≥40 kg/m2

showed subcuticular closure was associated with lower rates
of wound complications.57

While prophylactic use of negative pressure wound ther-
apy (e.g., PICO dressing, [Smith & Nephew, Mississauga,
ON]) has been proposed, there is no robust evidence to
support the efficacy or cost-effectiveness of this prac-
tice.58−60 A meta-analysis of 6 randomized controlled tri-
als and 3 cohort studies comparing prophylactic negative
pressure wound therapy versus standard care after Cae-
sarean birth in women with obesity reported a decrease
in surgical site infections (RR 0.45; 95% CI 0.31−0.66)
and composite wound complications (RR 0.68; 95% CI
0.49−0.94).61 Another systematic review including all
but 1 of the previous trials did not demonstrate a reduc-
tion in risk of wound infection (RR 0.79; 95% CI
0.44−1.41) or overall wound complications (RR 0.97;
95% CI 0.63−1.49).59 Other wound dressing options
may include low-adherence, hydrogel, hydrocolloid dress-
ings.62 Patients should inspect the wound area regularly
and report concerns to their provider. Providing the
patient with practical advice to keep the area under the
panniculus clean and dry might include the use of hand
towels or sanitary napkins to wick away moisture accu-
mulation and/or the use of a hair dryer on cool setting
to dry the area after showering.

Figure. Site of supraumbilical transverse incision.

(Reproduced from Tixier et al., 2009.51)
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Retraction

Mobius, Alexis O etc…Traxi etc…
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How to reduce wound 
complications?

u Cefazolin 3g IV

u Meticulous technique and hemostasis

u Wound washout to remove debris / non-viable adipose

u Change gown/gloves for closure

u Sub-cutaneous closure to eliminate dead space
u Suture if >2 cm depth, 2-0 Caprosyn, sometimes 3+ layers

u Single use negative Pressure Wound Therapy

11

https://pie.med.utoronto.ca/TVASurg/
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KEY MESSAGES
1. The incidence of placenta accreta spectrum disorders is

steadily rising in many countries.
2. Placenta accreta spectrum disorder in the setting of prior

Caesarean section deliveries arises from pregnancy
implantation within the niche created by this surgery.

3. Ultrasound may be used to screen for, and to diagnose,
pregnancies with anterior placenta previa that are complicated
by placenta accreta spectrum disorders.

4. Magnetic resonance imaging may complement multimodal
ultrasound in the diagnosis and staging of placenta accreta
spectrum disorders.

5. Placenta accreta spectrum disorder is a potentially life-threatening
disorder that demands regional interdisciplinary team-based care.

This document reflects clinical and scientific consensus on the date issued and is subject to change. The information should not be construed as
dictating an exclusive course of treatment or procedure to be followed. Local institutions can dictate amendments to these opinions. They should be
well-documented if modified at the local level. None of these contents may be reproduced in any form without prior written permission of the publisher.

All people have the right and responsibility to make informed decisions about their care in partnership with their health care providers. In order to facilitate
informed choice, patients should be provided with information and support that is evidence-based, culturally appropriate, and tailored to their needs.

This guideline was written using language that places women at the centre of care. The SOGC is committed to respecting the rights of all people −
including transgender, gender non-binary, and intersex people − for whom the guideline may apply. We encourage health care providers to engage
in respectful conversation with patients regarding their gender identity and their preferred gender pronouns to be used as a critical part of providing
safe and appropriate care. The values, beliefs, and individual needs of each patient and their family should be sought and the final decision about
the care and treatment options chosen by the patient should be respected.

J Obstet Gynaecol Can 2019;41(7):1035−1049

https://doi.org/10.1016/j.jogc.2018.12.004

© 2019 The Society of Obstetricians and Gynaecologists of Canada/La
Société des obstétriciens et gynécologues du Canada. Published by
Elsevier Inc. All rights reserved.
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Background

u Major obstetric & largely iatrogenic problem
u Becoming more common, a 20th/21st century disease

u Increased maternal & fetal burden of disease
u Significant psycho-social effects

u May or may not be diagnosed before delivery
u Need a high index of suspicion to screen/diagnose adequately

u Significant resources & expertise
u Cause of significant stress in all stakeholders
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More common than you think…

u Overall rate of IP was 
24.8 per 10,000 (1:403)

AOGS ORIGINAL RESEARCH ARTICLE

Maternal and neonatal outcomes following abnormally
invasive placenta: a population-based record linkage study
HEATHER J. BALDWIN1,2 , JILLIAN A. PATTERSON1,3 , TANYA A. NIPPITA1,3,4 ,
SIRANDA TORVALDSEN1,3,5 , IBINABO IBIEBELE1,3 , JUDY M. SIMPSON6 & JANE B. FORD1,3

1Clinical and Population Perinatal Health Research, Kolling Institute, Northern Sydney Local Health District, St Leonards,
New South Wales, 2Biostatistics Training Program, New South Wales Ministry of Health, North Sydney, New South Wales,
3Sydney Medical School Northern, University of Sydney, Sydney, New South Wales, 4Department of Obstetrics and Gyne-
cology, Royal North Shore Hospital, St Leonards, New South Wales, 5School of Public Health and Community Medicine,
University of New South Wales, Kensington, New South Wales, and 6Sydney School of Public Health, University of
Sydney, Sydney, New South Wales, Australia

Key words

Placenta accreta, placenta increta, placenta

percreta, morbidly adherent placenta,

abnormal placental adherence, hemorrhage

Correspondence

Heather J. Baldwin, New South Wales

Ministry of Health, 73 Miller St, North

Sydney, New South Wales 2060, Australia.

E-mail: hbald@doh.health.nsw.gov.au

Conflict of interest

The authors have stated explicitly that there

are no conflicts of interest in connection with

this article.

Please cite this article as: Baldwin HJ,

Patterson JA, Nippita TA, Torvaldsen S,

Ibiebele I, Simpson JM, et al. Maternal and

neonatal outcomes following abnormally

invasive placenta: a population-based record

linkage study. Acta Obstet Gynecol Scand

2017; 96:1373–1381.

Received: 7 April 2017

Accepted: 2 August 2017

DOI: 10.1111/aogs.13201

Abstract

Introduction. Abnormally invasive placenta involves abnormal adherence of the
placenta to the myometrium and is associated with severe pregnancy
complications such as blood transfusion and hysterectomy. Knowledge of
outcomes has been limited by small sample sizes and a focus on maternal
rather than neonatal outcomes. This study uses population-level data collected
over 10 years to investigate maternal and neonatal outcomes and trends in
incidence of abnormally invasive placenta (also known as placenta accreta,
increta and percreta). Material and methods. A population-based record linkage
study was performed, including all women who gave birth in New South
Wales, Australia, between 2003 and 2012. Data were obtained from birth
records, hospital admissions and deaths registrations. Modified Poisson
regression models, adjusted for confounding factors, were used to quantify the
effect of abnormally invasive placenta on adverse maternal and neonatal
outcomes. Results. Abnormally invasive placenta was significantly associated
with morbidity for mothers (adjusted relative risk 17.6, 99% confidence
interval 14.5–21.2) and infants (adjusted relative risk 3.1, 99% confidence
interval 2.7–3.5). Abnormally invasive placenta increased risk of stillbirth
(relative risk 5.4, 99% confidence interval 4.0–7.3) and neonatal death (relative
risk 8.0, 99% confidence interval 1.5–41.6). The overall rate of abnormally
invasive placenta was 24.8 per 10 000 deliveries, and 22.7 per 10 000 among
primiparae. Incidence increased by 30%, from 20.6 to 26.9 per 10 000, over
the 10-year study period. Conclusions. Abnormally invasive placenta
substantially increases the risk of severe adverse outcomes for mothers and
babies, and the incidence is increasing. Delivery should occur in tertiary
hospitals equipped with neonatal intensive care units. Clinicians should be
cognizant of the risks, particularly to infants, and maintain a high index of
suspicion of abnormally invasive placenta, including in primiparae.

Abbreviations: AIP, abnormally invasive placenta; aRR, adjusted relative risk;
CI, confidence interval; ICD-10-AM, International Classification of Diseases
10th revision Australian modification; IQR, interquartile range; NAOI,
neonatal adverse outcomes indicator; NICU, neonatal intensive care unit;
NSW, New South Wales; RR, relative risk.
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Outcomes of interest for mothers also included obstetric
hemorrhage, embolization in the birth admission, hys-
terectomy within six months, manual removal of placenta
within six weeks, readmission within six weeks, and ICU
admission. In the multivariable analysis, neonatal morbid-
ity was defined by a composite of the neonatal adverse
outcomes indicator (NAOI) (12), stillbirth, or infant
death during the birth hospitalization. Deaths were
excluded from the NAOI in univariate analysis and
reported separately. Other neonatal outcomes included
gestational age, small-for-gestational-age, Apgar score at
five minutes, resuscitation, and admission to neonatal
intensive care unit (NICU) or special care nursery, still-
birth, neonatal death and death prior to discharge. Length
of stay was calculated as the difference between the day of
discharge and the day of admission for mothers, and the
day of discharge and date of birth for infants, with stays
of less than 24 h rounded up to one day.

Tertiary hospitals were defined as tertiary public hospi-
tals with a NICU (annual birth volume ≥1000). Private
hospitals were grouped together (annual birth volume
≥20), with non-tertiary public hospitals grouped by
annual average number of births (large: ≥1000, medium:
500–999, small: 1–499) (13). To determine the level of
access to blood products, hospitals were grouped accord-
ing to whether they had a 24-h on-site blood bank, on-
site cross-matching facilities during the day but on-call
after hours, or no cross-matching facilities (14).

Trends over time were tested using the Cochran–Armi-
tage test for binomial outcomes and the Jonckheere–
Terpstra test for multinomial outcomes (15,16).

For the adjusted analyses, potential confounders con-
sidered were maternal age, socioeconomic disadvantage
(based on maternal postcode), whether the mother was
born in Australia, hypertension, diabetes, prior cesarean
section (mothers’ outcomes only), baby’s birth year
(infants’ outcomes only), and whether the mother
smoked during pregnancy. Parity was excluded due to
strong collinearity with prior cesarean section and mater-
nal age. Only true confounders, i.e. factors likely to be
correlated with both AIP and morbidity or mortality,
were considered as covariates, consistent with etiological
modeling. Placenta previa, gestational age and small-for-
gestational-age were not included as covariates because of
the strong likelihood that they lie on the causal pathway
from AIP to morbidity. Multivariable analyses were
restricted to singleton deliveries given the different risk
profile of multiple pregnancies.

To test the association between adverse outcomes and
AIP, modified Poisson regression models with robust
error variances were used, taking into account clustering
within individual mothers (all models, to allow for repeat
pregnancies) and deliveries (where multiple pregnancies

were included). Potential confounders were included in
the full multivariable model where p < 0.2 in univariate
analysis. Backwards selection was used to remove factors
not significant at the 1% level from the final model (17).
Statistical analyses were performed using SAS ENTER-
PRISE GUIDE v6.1 (SAS Institute Inc., Cary, NC, USA).
Results are presented as relative risks (RR) with 99% con-
fidence intervals (CI). Adjusted and crude analyses were
repeated with stratification by gestational age (term and
preterm). Ethics approval for this study was granted by
the NSW Population and Health Services Research Ethics
Committee (2006/06/011).

Results

There were 922 925 deliveries of infants of at least
20 weeks’ gestation during the period 2003 to 2012. This
represents 595 597 mothers, 937 143 infants and
1 381 398 linked hospital and birth records for the peri-
natal period. There were 2285 deliveries that involved an
abnormally invasive placenta diagnosis, involving a total
of 2248 mothers.

Of the 2285 cases of AIP, 2229 (97.5%) had a record
of known associated diagnoses or procedures used for
management, including cesarean delivery, hysterectomy
within six months of giving birth, or any of the following
in the birth admission: obstetric hemorrhage, manual
removal of placenta, or arterial embolization.

The overall rate of AIP throughout the study period
was 24.8 per 10 000. The annual rate of AIP increased by
30.6% over the study period, from 20.6 per 10 000 to
26.9 per 10 000 (p = 0.009; Figure 1). For primiparous
mothers the rate was 22.7 per 10 000, with a non-signifi-
cant increase from 20.8 per 10 000 in 2003 to 22.5 in
2012 (p = 0.29).

Figure 1. Rates of abnormally invasive placenta in New South Wales

hospitals by year, 2003–2012. Circles = all mothers,

squares = primiparae.
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30.6% increase
20.6

(1:485)

26.9
(1:371)
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Maternal Outcomes

u Associated with poor maternal outcomes:
u Overall maternal morbidity

u Hemorrhage: median blood loss 2500-7800 mL

u Blood transfusion: 40% massive transfusion >10u

u Visceral/vascular injury

u Hysterectomy

u Maternal ICU admission

u Length of stay

u Readmission to hospital 

u Mortality remains low in high-resource countries
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THE PLACENTA ACCRETA 
SPECTRUM TEAM
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ADMISSION
NON-LOCAL: 
~30-32 weeks
LOCAL: 1 day 

pre-op

+/- IR for IIA 
balloons

Premeds & X-
Match 4u 

pRBC

Transfer to OR

Epidural RA

Urinary 
Catheter

Pre-operative 
Planning USS

Time out

PRE-OP TIMELINE OF CARE
(OUR RECIPE FOR ELECTIVE CASES)
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A FOUNDATION FOR TEAM WORK
SURGICAL SAFETY CHECKLIST 

Dr Lisa Allen, Gynaecologist, MSH
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23

Cystoscopy 
+/- ureteric 

stenting

Tranexamic 
acid IV

Midline 
laparotomy

Classical CS 
(auto-stapler)

Close uterus + 
Round ligs

Cell saver

+/- IIA ligation

Hysterectomy

INTRA-OP TIMELINE OF CARE
(OUR RECIPE FOR ELECTIVE CASES)
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Sponge weighs & 
EBL

Debriefing

+/- ICU

+/- IIA Balloon 
Removal/Imaging

+/- Postpartum 
ward

Post-operative 6w 
check

POST-OP TIMELINE OF CARE
(OUR RECIPE FOR ELECTIVE CASES)
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Emergency cases
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THANK YOU!
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